100% relative humidity for 4 to 5 days. Seedlings were charged with 1% KOH. At the end of the experiment, the easy to manipulate, and provided leaves of relatively HCN trapped in the solution was determined uniform initial HCN-p.
colorimetrically as before.
Estimation of hydrogen cyanide potential (HCN-
Volatile hydrogen cyanide (HCN) from nondisrupted p).-Chloroform method.-Hydrogen cyanide potential leaves.-The HCN volatilized from nondisrupted healthy (HCN-p) refers to the amount of HCN that is volatilized or diseased leaves also was determined colorimetrically in from leaves that have been physically disrupted (often by sodium picrate. Healthy and diseased leaves were excised chloroform or less often by some type of at 12-hr intervals through 108 hr after inoculation, homogenization). Because dhurrin is the only known weighed, and placed on distilled water-moistened filter source of HCN in sorghum (1, 5) , the amount of HCN paper in the center chamber of diffusion dishes. After a trapped is assumed to reflect the concentration of dhurrin 12-hr incubation, the leaves were removed from the dishes in the sample (19). Five or 10 excised leaves were weighed, and dried at 60 C for dry weight determination. The placed on filter paper in the center chamber of solvent diffusion dishes were resealed quickly and incubated for resistant, polypropylene Conway microdiffusion dishes an additional day to allow maximum chromogen (Bel-Art Products, Inc., Peguannock, NJ 07440; there development. were five replicates per treatment. Cells were disrupted by All HCN concentrations were expressed as Amoles saturating each set of leaves with chloroform (0.5 -1.0 HCN/g leaf dry wt. ml). The dish was closed with a water seal. Error due to All experiments were performed at least twice. The loss of volatilized HCN by absorption in the water seal experiment for HCN-p of healthy and G. sorghi-infected was not significant. The HCN volatilized from Grazer seedlings (summarized data presented in Fig. 3 ) chloroform-treated leaves was trapped in 4 ml alkaline was repeated seven times. sodium picrate (16) in the outer chamber of the microdiffusion dish. The amount of HCN volatilized RESULTS during the 2-day interval after chloroform treatment was determined colorimetrically (16).
Methods for determine hydrogen cyanide potential We observed an initial increase in the HCN-p in (HCN-p).-In tests with the first leaf of cultivar Grazer, diseased primary leaves as measured by the chloroform the chloroform method produced a low estimate of the method (see Results). To determine whether this increase HCN-p relative to estimates obtained with other methods was due to an increase in the synthesis of cyanogenic in comparable samples ( Table 1 ). The chloroform-flglycoside or to increased efficiency in the extraction of glucosidase method, the chloroform-base (pH 9) method, HCN from diseased primary leaves, we evaluated three and the reflux method all were efficient and their additional methods for the determination of HCN-p. respective measurements were not significantly different Chloroform -base method.-Two days after the initial (P = 0.05). The chloroform-base (pH 10) method was chloroform treatment, the original picrate solution was slightly less efficient. The chloroform-base (pH 9) method replaced with fresh picrate solution (4 ml), and 1.0 ml of was efficient, applicable to many samples, inexpensive, 0.2 N glycine buffer, pH 9.0 or pH 10.0, was added to the leaves in the center wall-a modification of earlier procedures (4, 6). Leaves so treated were incubated 2 TABLE 1. The hydrogen cyanide potential (HCN-p) in more days and the additional HCN volatilized was primary leaves of sorghum cultivar Grazer estimated by various determined colorimetrically. Presumably this HCN was treatments volatilized at a slower rate than at lower pH (pKa of HCN = 9.31), but the 2-day incubation was sufficient to allow primary leaves in each diffusion dish. (One unit will xLeaves were treated with chloroform and incubated in liberate glucose from salicin at the rate of 1 Mmole / min at microdiffusion dishes containing alkaline sodium picrate. After pH 5.0 at 37 C). The HCN produced as a consequence of 48 hr the picrate was removed and HCN concentration was this treatment was trapped and determined analyzed colorimetrically. Fresh picrate was added to the outer colorimetrically as above, chamber of the diffusion dish and buffer or f3-glucosidase added Reflux method.-To measure HCN-p by a method not to the leaves. The HCN in the fresh picrate was analyzed after an involving disruption of leaves by chloroform, a additional 48 hr of incubation. The pH 5.7 buffer was 0.1 N modification of Harrington's (11) method was used. A citrate-phosphate, and the pH 9.0 and 10.0 buffers were 0.2 N modiicaion f Hrrintons (l) mtho wasuse. A glycine.
weighed sample of 50 primary leaves was refluxed for at 'Leaves were extracted in boiling distilled water and HCN was least 4 hr in 50 ml of glass distilled water at atmospheric trapped in KOH and estimated colorimetrically. pressure. The evolved gases were removed in a slow 'Means followed by the same letter are not significantly stream of air through two absorption towers in series different according to the Duncan's multiple range test, P= 0.05. and did not rely soley on endogenous fl-glucosidase
The chloroform method enabled detection of between activity. Therefore, this procedure was used to determine 20 and 50% of the HCN-p in the first leaf of Grazer (Fig.  HCN-p in both healthy and diseased sorghum. 1) depending on the age of the leaf. However, chloroform Hydrogen cyanide potential (HCN-p) in sorghum treatment enabled detection of about 90% of the HCN-p leaves.-We measured the HCN-p from the time of leaf in the second leaf (Fig. 2) , regardless of leaf age. The same expansion to leaf senescence for the first leaf and second pattern was obtained for Piper. leaf of each cultivar. The first leaf contained more HCN-p Disease development.-Lesions produced by G. sorghi than the second, but the pattern of HCN-p disappearance or H. sorghicola first were observed at 12 to 18 hr after was similar in both leaves ( Fig. 1 and 2) . The HCN-p inoculation. These initial lesions appeared as chlorotic, (amount/ g leaf dry wt) decreased during the early stages water-soaked areas 1-3 mm in diameter. The lesions of leaf development. The increase in leaf dry weight was enlarged and became reddish-brown by 48 hr after sufficient to account for the decrease in HCN-p inoculation. Because of the large number of lesions, (amount/ g leaf dry wt). In the first and second leaves of nearly 100% of the leaf area was affected with G. sorghi Grazer, HCN-p was most stable between 7 and 19 days within 48-96 hr after inoculation, and with H. sorghicola after planting, although small fluctuations were detected within 72-96 hr after inoculation. Cultivar differences had ( Fig. 1 and 2) . A decrease in HCN-p was evident in each no noticeable effect on pathogen development. leaf immediately before and during leaf senescence (23 Effect of pathogenesis on hydrogen cyanide potential days after planting). Changes in HCN-p in leaves of Piper (HCN-p).-The two pathogens caused a similar decrease were similar to those in Grazer, although those of Piper in HCN-p in each cultivar ( Table 2 ). Both pathogens contained about half as much HCN-p as Grazer. These caused approximately 90% of the initial HCN-p in both values of HCN-p (about 400 /Amoles/g leaf dry wt for cultivars to be lost or degraded by 96 hr after inoculation. Grazer and about 175 .tmoles/g leaf dry wt for Piper) are In a typical experiment, a decrease in the HCN-p of similar to other values reported for these cultivars (11, Grazer infected by G. sorghi was first detected between 24 13).
and 48 hr after inoculation and continued at a linear rate until at least 84 hr after inoculation (Fig. 3) .
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The chloroform treatment enabled a better estimation 1000 i iof HCN-p in infected leaves than in healthy ones.
S.-Although less than 50% of the HCN-p was detected after 0 0 CHCI 3 -base chloroform treatment of healthy leaves, 70% was detected Estimations were made at intervals from the first appearance of Estimations were initiated when the leaf first appeared and the leaf until senescence, continued at intervals until leaf senescence.
at 12 hr after inoculation and 90% by 24 hr in diseased into the atmosphere surrounding diseased leaves. To leaves (Fig. 3) . The kinetics of the decline in HCN-p from estimate the amount of HCN volatilized into the diseased leaves were similar for all host-pathogen atmosphere, we measured the HCN volatilized from combinations, detached, nondisrupted (not treated with chloroform) Volatilization of hydrogen cyanide from diseased diseased leaves (Fig. 4) . The HCN volatilized from these leaves.-The decline in HCN-p from diseased leaves is leaves was detected first 24 hr after inoculation and probably the result of dhurrin degradation. As a result, continued to be detected until at least 84 hr. Only 14% of HCN may have been released into the tissues and perhaps the HCN-p lost from nondisrupted diseased leaves was detectable as volatile HCN. 'Leaves were placed in microdiffusion dishes containing We used the chloroform-base (pH 9) method for alkaline sodium picrate, treated with 0.5 ml chloroform, and routine estimates of HCN-p in this study for two reasons. incubated 48 hr. Then they were treated with 1.0 ml of 0.2 N First, this method enabled us to detect levels of HCN-p glycine buffer (pH 9.0) and incubated an additional 48 hr. The which were equivalent to values extracted via the trapped HCN was measured colorimetrically. chloroform-/3-glucosidase and the reflux methods. 
